PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Internationa] Bureau 




(51) International Patent Cias 


sification ? : 




(11) International Publication Number: 


WO 00/38192 


G11C 11/16, 11/15 




Al 










(43) International Publication Date: 


29 June 2000 (29.06.00) 



(21) International Application Number: PCI7US99/29310 

(22) International Filing Date: 13 December 1999 (13.12.99) 



(30) Priority Data: 
09/215,386 



1 8 December 1 998 ( 1 8. 1 2.98) US 



(71) Applicant: MOTOROLA INC. [US/US]; 1303 East Algonquin 

Road, Schaumburg, IL 60196 (US). 

(72) Inventor: NAJI, Peter, K.; 14028 South 9th Street, Phoenix, 

AZ 85048 (US). 

(74) Agents: KOCH, William, E. et ah; Motorola, Inc., Intel- 
lectual Property Dept., P.O. Box 10219, Scottsdale, AZ 
85271-0219 (US). 



(81) Designated States: JP, KR, SG, European patent (AT, BE, CH, 
CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL 
PT, SE). 



Published 

With international search report. 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: MAGNETIC RANDOM ACCESS MEMORY WITH A REFERENCE MEMORY ARRAY 
(57) Abstract 



An MRAM device (4) includes a memory array and a 
reference memory array (75). The memory array arranges magnetic 
memory cells (41, 42) in rows and columns for storing information, 
and the reference memory array forms reference memory cells 
(70, 71) for holding a reference information in a row line. The 
magnetic memory cell has a maximum resistance (R+AR) and a 
minimum resistance (R) according to magnetic states in the cell. 
Each reference memory cell has a magnetic memory cell (70, 71) 
and a transistor (72, 73), which are coupled in series and have 
a reference resistance across the reference memory cell and the 
transistor. The transistor is controlled by a reference row line 
control (74), so as for the reference resistance to show a mid-value 
between the maximum resistance and the minimum resistance of 
the magnetic memory cell. A bit line current (lb) and a reference 
bit current (Ir) are provided to the magnetic memory cell and the 
reference memory cell, respectively. Magnetic states alternates the 
bit line current, which is compared to the reference bit current to 
provide an output. 
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(54) mig£i aaioig ^ xni 0121 miga 



MRAM Cldf0|^(4)^ CHISEI CHBil0|2f 2jg rjHEl CH3I0|(75)S 5§>^C|-. 0II2EI CH£ilO|l= §S§ XI § 
SPI flffl/d XPI 0IISEI *J(41 ^1 42) M HIO}- «H^6h01, 01IHEI CH 511 01 |hoj <M( row 

line)Osl }|^ §SI frlia^l ¥loHAH OHSEI ^(70 ^ 71)M t^°!EL IP I CHISBI *J2] 

XPI &EH (magnetic states)0ll QJEI- sICH XHS(R+??R)a- £1^ XH»(R)S 3£teCK ^ h 21^ CHISEI ii^ 
XPI Oil a £1 S(70 SI 71)5} M2jXI^EK72 73) M £PI X[D\ Olieai S3f M^XI^EI^ AH^ 

^\m^ ^^an, £pi oi^g j^ijy ji^ x-isi e^xi^eh^ lyoj /M 

XilCH (74)011 2J6H JII01SOI. £PI XmOl XPI DilSdl M9\ £JCH XH»jl* XH» A^0|£| eZI St 

n UEfLH^i t^a. bi M<y aixdbja ^1^ oim aif(ir)^ xpi diisei a a- ^1^ uiieai ^011 

X-IISaa. XPI ^EH(magnetic states)^ dlM<y £J#fM JUDiafDI , 01 dl^>M 2tt ^ M^M XilSSPI 

¥ioH ^i^ oi§= aixOii biinsa. 



^ XPI 

oil sai waiois 



§5 CHiedl (magnet ic random access memory)0|| ^ei- >|o^ f XFAj|5|^ 

xpi gj£i §e ns a oil as aoia. 



mew* 

mWVii Oiieei Cl^OI^(device) e SJUS! »^IXHS a SI OIIS&KMRAM : Magnetoresistive 

random access memory)^ D4=HJ XPI 0il2dl XPIX-iS , XPie(magnet ic 

layers)^ 01-XPI # (non-magnet ic layers)01l 2j6H <M^^ >^e»(stack)9 ^E|-S°J Oil AH UEI 
brD^ A^'OI SXI9Q. XPI OilSai ^011 die JP|*IS(magnetic resistance)^ , Xf^ieOilAiSI Xfsf 
^|Ej (magnetization vectors)^F 2|2j- ^Fdl^ ffH 51^: ^ 21 CD UEIbHCf ^ 

XPIe0ilAH2J X\m ^Ei°J K aCH »tte n S^ n u y-S^(anti-parallel) n «EHS XI S 

Xf^M E XH^^h OilSdl PbhOI^Oil Afg^ OH, §y y-S^ ^1,^, 01IM MS feEl^o^ 

2|2| »o H 3f §£J@a. Xf^l^OIIAIHI Xfsl ^!Elfe. XI S0II CH6H Xf^lM S!^»2SMI OH^ 

BHFs^l 5E Cfg ^?IS£I04, ^XICH Xf^lPf SIM CD! Oil £ XfSf »81 x^XI^Cf. 

MS, MRAM CldFOI^^ ^^<y(metal line)SJ HlxFg ^011 At bH^9 Xf^l ffliaai ^hXIW, xf 
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D\ Oil a a SjII- m^. fcejCK MRAM U^b, bl^£(t>it line), }|^£ * PXIM£(digit I ine)M 

£fe MRAM a J3I UEftHQ. }|^£]8 bl^^HI^ SSo^l, CI XI^H^ ^*ia^ ^oip 01 a » ^ 
2| 2| HxfS 4MHIAI. Oil a a m S! 31^ SI HHi^a. «g DH2BI *JOil H§Q ^gj 

^o^o^ MRAM Pb*OI±te BJEfll Sa» 3|» &0II S£9P. X[D\ §J b|-X r :>IS8 £^ 

3H/H 31 & ^Oil garan. XPI WIS SI ^(magnetic memory eel DM gfiS^^ OllSSOi, X\D\ CHI2S.I 
*i8 0ISEII2 0.2/*i x0.3/*n2J 32IS i^feP. Sy*|o Sf x^lgg 10-100*21 ^MM UrXICH, ^3 
dl-X^IS8 10-30A2J ^JHIOia. MRAM Pd^Ol^b US SSI Xlgo^l X^l Oil a a tfjll- Jl^ 

&EJPI- ^Xl£jb »3| CHI S Bl *!§ SSffQ. XPI Oil a a *J(S£ ^8 =5 fl|)0|| XI SB «*EHB 

E^6^l ?j 5H AH , &X| 2^2} 3|^ SH^ =H SI 3IS XPI 01123 *jCM^*l)0{| °J^3P 

=h s 3i^ i8, si d\s xwxim ztou oH&6 r *r, m gjeou 2^ ^sn asei- 

p. 01 a e se*8. «ioii/h gas issf^i ?i6hah ah^ uijaap. ma/H. :?ie aa- 

smmn hih6pi aaai. xpihssh ^ch^oi t*s 0 | s*^ x^i oiiaa art mram pd r oi±B 
hi sett 301 tjf^sism. 

Oa/H. ZQ^r, Hi^a » XH2^2| Oil 2a B ftfe }HdB MRAM PdrOI^S HIS6 r fe 301 d r £ S 
^8 £!£I22| xHBJM S*te 3H£1£! MRAM PdfOI^M HIS6 r *= 301 b r S S gJg2| s rjg asjoi 

a. 

JPI OilSE.1 B0U3 »?IXI»2| ^§1 POI^ }||£iB MRAM DldfOI^B SISSfe 301 d^ g ttS2| 
^0^°J SE L[§ =^oip. 



oia» a^ 1 p^ s^p^, ^i^ oil e a chsioim s^s^ xpixhs- gisj cms a (mram) ptuoi 

^HJ HISM goH ^&6l MRAM PdFOI^^, dlM^Hf PXIM^oj a^i ^ 0 ,^ q^^oj 

x^i Qiiedi mm ^^a. wis a 0^101^ p^°] ^15 xh& o_±m sta. ^ ^1^ aa 
xm h s^oii pi^ *JHf xhs fidbfi ^^xim^ g xms ms\ mo\ xh§m si 

^ XiE h Ah0|£j XI»o^ ^§£ICN , 01 Oil (![£} XIIS6PI ^6HAH, =S Xli, h £J XPIXi^M ^1^ 

m m sma uiiasffe 301 ^rkm^i aa. 8^22, « x-i&a sch u ^j^ xhs at a^oisi ga 
atoip. 



£ 1B 2E ^OIIAH MRAM Pd^OI^OII ^l^ U^S £Als[ £2. 

£ 2^ di-xpisoii s\m ^aia i^iii x^i Diiea mm £Aim^ zt^^sin, mu\&. 

£ 38 £ 20j| ^1^9 X^l Oil a a ^S| 6I^EIiaA|^(hysteresis) OIIAia^ 
£ 4fe MRAM Pd^OI^ £A|^ £2. 

E 5b E MRAM PtiWI^ sJMS £AI^ 



MAIQB 

£ 18 MRAM Pd^OI^OilAH OjlAimb £A|^P. ^^^1(10)^ =H XPI Oil 

ea m)(u)i\ j\m xpi ma a mo\m m)(mm d hi sun, oiae s ^i^ xpi one 

a ^8 ¥-l£<y(word llne)(13)a UIM^(14)0II HJ6H (assert )^ P. Oia^ ^8 ^^'^ ^^OIH, 
2| *!8 dl-XPISOll ga@ X^ISM ^i=P. Oia&[ ^5£f ^^8 £ 2£f £ 3 CHI AH J|i^£J 

W. STAHS MS8 OFEHOilAH ^§1 30IP. {«( 11)01 ^¥IS ^^iXI^P(16 ^ 17)M BoW 2^ 

d!AH(15)0|| ^|^^ ^^£jb ye, P|^ M(12)8 M^IXI ^EH ( 18)2f ^?IS M^X|^a(19)M SoH 2^ 
^!AH(15)0il ^ll^ ^19a. 3|^ ^(12)5r M^iXI ( I8)fe ^1^ S^(20)S 8SBO. J\m HI 
CH^I(21)b ^l^ d(row line)(22)M e5HAH M^XI^P ( 18)011 2130}, 01 2|g §£i <mo||^ e 

gHXI^P(18)2| EB||oi-^^ XH&M SSSPI flff XI & XIIO) 6is^r XHSSQ. ^|AH(15)b 
d|Md(23) tfSI U|E SW(lb)S dl^ < M(24) ^^(Ir)M 3§8t01, 2f2J a 

ok(vi ^ V2)S^ 2^(V1 ^ V2)8 d|m^|(25)2J g °J^0]| oof^Df £ 1 

oil £Ai£ uta aoi, si? ^/dd5)fe, oiis xis(26 at 27)^ e^^i(28 ^ 29)011 sjsh 

P. Xii, h (26)01l bIM aW(lb)b XHi> h (26) SBOII 2^ ?m§ ^^A|3|ffl, 01 aorfe 

2&(V1)M ^^A|3p| ?]6H e^^l(28)0ll 2| oH 2W(lr)b lb)2l ^8 &*{a^ V2^ 

S^^IP. 2^ ^]AH( 15)^1 #^8 Uim^l (25)011 Oi^lAH S&(V13J- V2)8 B»(30)0II m 

m aa(vout)s xnsa^i ^ 6H din a p. 

£ 2 S £ 38 2*2J ei^fifSIH, ^CHa Xf^l Oil a a tf(2)2| ¥^a( isometric view)2f a 221 

^(2)011 si^EiiaAi^ ^^(35)e aAi^p. p^ xf^i oil a a ^01 oiiea Pdfoi^oii ai- 
mm ^ 9imo\ ^xisoiof &q. ^(2)8, ui-»^is(33)oii °\m saia n 1 w^isoDa xu 2 x\d\ 

mZ2)m S^ofb All mm 3^P. Xll 1 X|^ie(31)3} Xil 2 X[9|#(32)8 CoFe S NiFeCoSI ^8 

Xf^l Olg^P. XII 1 XPie(31)0||AH£J Xm ^'Eib, OjIM ^Ol #(31)011 ojg§h 5 Oil ?jX| 

m bia»aai(anti ferromagnetic) e(DiaA|)0|| 2|5H Xf^l^ia^ El y (pinning)9 P . Xf^l^a^ X[^ 
^^(magnetically free) HI 2 Xf 21^(32) 8 XlD\\Gl\ Ufa Xfsl ^£11 HCH&P. d|-Xf?IS(33) 

8, OIIS MS AlASf g8 M^'Oil 2J6H rj^ 20A£| ^If ^C}. 0ia§[ g?8 ¥7)11 

b b|-X[^IS(33)0l HI 1 »^IS(31)a XII 2 Xf^lS(32) ArOIOIlAi Ely Si^(tunneling junction)^ M 
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sfoi . oi ay s§m sai/H ay sum iga. £ 3chi uay bh2j- aoi, niaai asi xpi 

d|-XPIS(33)01IAH2J Ely SSOII £2tB O^IShfe «| 2 XPI8(32)0IIA12| »»oj SS0 || [tj^ 

xpie^ or mm xhi 5,757,695^011 UEiy aha aoi »»» e^ai gashes sfe §ehm 

DAI, £ 3M ^56^ , £ 321 §&Sb «| (2)011 B!^S »3||2| APIB UEfyjEK e&H = 

*y(2)2j xpixhs§ uaao. a(2)oi aoi si 32)oiiah2| »» ^jeh^i- oibs a* naia aeroi st 

S ffH SS #EH(»8 aB)B ^h£-|3| ^ ^ EH Oil :>hg6F£ ( 2]^ Xr3l = H£f£2| 2#**o^ 0 | 

S8KH »(H1)SS HttCL ^£(36)011 2|6H £A|£! dr2f aoi . XII 2 »3|(»??SS) e(32)01IAH2i 
*!EH^ Xr3l(H1)0IIAH £J^o^ £¥I88KN. #(31 a 32)0ilAH°j na ^EH^=r, »tfH(37)«| 2| 6H XIAIS 

d r 2f noi ^EHtaai aa)s a au. a 5*, a(2)si xpixiae r^eh ??r°^ 

P. Cf§2^, ^£(38)011 2|8H UQU d^2f aoi »J|B H1HS*EI 23A|5>|£, Xfl 2 XPI8(32)0II AH 
2] Xrsf SlIEi^ X^|(2)01|AH 2isog (If Ef AH , ??R°>M WOWOI. #(31 

§y 32)0ilAH2J »S y\E\= »tfH(39)«IAI UE*fc8 d r 2J aoi S»S ^atlCf. 0II2EI *J ^^2] 

0j|^ ^61 XII 5,768,181^011 LfQyo. 

DAI, £ 1M ^5fS, £api(10)te ?-IE£(13)S BoWM A JI1 HIBSHI, d|Ma(14)S eoHAH 

him ^iii »is8Hh, oiae ^?is M2ixi^EUi6, 17 a ^9)^l sxworosni. him 

S#(lb)^ ^R BOUOII I§1 BQ. B(11)g S?Mlb)2| H2IS aS»2, 2H(lb)b 

fi!(1 1)011 »SS XPI ^EH (magnetic state) Oil 2|£ff CK D\S R± HIO|3|(21)fe i M^XI >:EH ( 18)2] E. 
3I£J-^ ^§1 BIOIS^I ?I6HAH D\& lyoj <M(22)M §6H AH XHS XHI OH Alii XHSffQ. HI HI Jl (25) 
?\ ^(11)0ilAH2J &EHS 3IS *J(12)0IIAH2] #EH» HI2J8PI ?jdHAH, M21XI ±& ( 18)fer , =S 

su 11)21 ^ioi xh»(r+??r)3i- »a(R) Ahoioii ah ^is s^(20)m ^£xi=t m Jtmm ^mmo\, 

^uf^jo^ oi 8 XHSe R+??R/2Hf ^8 BZf XH& »0IO. S#(lb) * a#(lr)fe ^ S8KV1) S! 

a&(v2)2£ s^£ioi, aa(vi si V2)g. #^ biK30)oiiai mm aeKvout)« xiigo^i ?i6hah dim 

^l(25)0IIAH UIJnSEL 2^(lb)^f 2^(lr)Ma CH 25fg DM. ^ SS(V1)0I 2^(V2)Ma CH CD! , 

bim^i (25)^ y-g a^e bxK30)oii smoi, 012^ ^(11)01 ^ich xh&(r+??r)m j[x\w, 

S(antlparal lel) H ^EH0ll Siif 2IDISD. 0| Oil a& h (V1)0l a&(V2)SD EH kQS , 

d|jn^l(22)^ ^g BXK30)0il XHSohDI, OI31g ^(11)01 z\± X|&(R)g ^hXIDt. "SIS" 

^ EH CHI 2|0IBa. 

srou/H ei^B dh2f hoi, m^xi^ei(i8)^, ^i^ sd2)a M£Hxi^Ei(i8)2i e xiaoi X^l OIISEI 
mm sjch ^ si^ jna mo\°\ xmm ^&m^m xiioisa. oiag uiin^i(25)^f =s akidoii us 
@ xpi ^ehm 5iM ^h^m^i ao. 

£ 4S ^5^, MRAM C\mo\±2\ S£(4)^ Pl^ga. Ef^2| X^| OflSEI g(41 SI 42) ^ 
E|XIM<y(43 44)3f ^l^ d|M<M(45 ^ 46)^1 HI^S ^011 fe£]CL El X|^<M(43 o« 44)^ 

^ M^iX|^EH(47 ^ 48)2f Mi«XI^EI(50 UUI 55)011 BSSQ. EIXIM^M <Mi«^|^ E|XIM£!(43 QJ 

44) ^ ami m&M3\o\, eixi^ aw2i g^s§ ^§§ha. m^xi^eh ^(som 51, 5221 53 a 5421- 

55)^ El XI M 2^2j S# 1§§D[. ^(41 §J 42)B ^^i XI ^ EH (56 S 57)011 

S M2!XI^EK56 S! 57)2J ^|0IM ^E£(60 U 61)^ gSHAH <M^i^lOil 

ao. 

^I^ 0IM<M(45 S 46)S El X|M<M(43 o> 44)011 4510^ feOIOI, ^ ^^X|^EH(64 LUX! 65)011 2^ 
ad. M^X|^Ei(64 91 65)2| >||0|M »M HIM<M ^^^1(66)011 aaailE!, ^^IXI^EH (64 

65)2J HaiSJ 3^^(67)011 2^£!Eh ^1^ ^^(wrlting current)S Xh^l DIISEI S0|| S^S^ 

H^3£HS 2^ ^^(68 69)^ P|^ b|eAj( 45 ^ 46)011 3i^a. 

^1^ aiM>d(45 §y 46) ^ ^1^ x^i oil e ei m)ao as 7i)«i ^g£icn, ^(41 ^ 42)21- 

Oil 2 El ^51 ^>^EK ^|^ ^(70 S! 71)g M^X|^EH(72 S 73)011 21SCf. 

^^iXI^EH(72 a 73)2J 5flO|M Pl^ S2J d XII CH ( reference row line control ) (74) Oil 2 

^£IH. 01 m9\ <M XHICH (74)fe ^^X|^Ej(72 * 73)2J H5Hei-^^2J X-ia XHO^Cf. 

^(70 S 71)21- ^^X|^E](72 ffi 73)fe, §^125 £A|ff HrSf &0I S2| 0II2EI OI^IOKrow line 
memory array)(75)M m&mQ. Dim m(70 §J 71)^ £ 10IIAH2) ^|^ ffl(12)2f a^2, 
^^1 XI ^ EH (72 a 73)^ M^XI^EH(18)2I ^Ef. M2!XI^EH(72 ^ 73)^ M^XI^Ei(76 §* 77)011 

^^^Ef . 01^^(62 S! 63)^ ^ M^1XI^EI(78 SI 79)011 ^!^^ 2^9C[. ^^XI^EH(76 ^ 77)2] 
±± sf^S(81)0il 2J5H UEfyj 2#(lr)M XllgSPI ¥I5HAH ^IAH(80)0j| 

H, 5Eeh MgHXI^EH(78 ^ 79)2] sl^S(82)0j| 2|5H UEltd d|M 2^(lb)M XJIS6PI ¥l 

6HAH 2^ ^IAH(80)0II mm ^IAH(80)2| &»(84)0|| 2^(Vout)» XllgoPI 

^6HAH OI IH^I <83)CHI ^]AH(80) * b|in^|(83)^ £ 101IAH2] fl!/H(15) ^ UI215I (22)21- 

^Ef. ^1^ £E £> h 2J dl^^ <MEH^i(66)0il 2j6H XIIOi£|^ MidXI^Ej(85 S 86)^ ^1^ 
dl^<y(45 a 46)011 

a§25, 5^ SEb EIM2J ^ 311 Oil CLIEf ^gSJOi, 0| Ef^l^ Oil M 19 ^5 ^(41)M ^XI^Ej- & 
XH, ?-IH£J ^^i^l(59)^ ^^X|^EH(56)M ^l 3»| (ON ) ^ 6H AH ?-jH<y(60)m §6HA1 ^IH dli Xilggj- 
Ef. ^1^ ^2j XIJCH (74)^ ^^XI^EI(72)0il XH^ Xj|CH <M^M SLHOj, M^XI^E1(72)^ ^1^ 

^(70) a m^xi^ei(72)« msaa »» ^(r+??r/2)m s^eia. diM<y <y^^i(66)^ 

^^X|^Ei(76 a 78 )M 9\o\\M tl^m 21D\mH, d!M<!fj(45)e tr^AI^PI £im.m M^H 

XI ^El (64)011 21DmW, OIS ei5H ^^iXi^EH (64, 76 a 78)fe 2¥ ^SID. CTiElAi, ^^jXI^Ej(56, 
64, 72, 76 ^ 78)2J S^s^^ £ 12J sj^2| ^01 MRAM Cld^l^ si ^(4) Oil AH BWm s)^m m& 

o^Dl, dIM 2#(lb) a ^1^ HIM 2fKlr)^ dl^<y(62) a Pl^ d|^<M (45)011 I§)il ElEf . ^, dIM 
2fMlb)fe 2^<y(67)o^«E| E^ X |^EH(64), ^'(41), M^iXI^Ei(56 a 78) M BtMM S# £! 

A1(80)^ S = ^IS dIM S^(lr)^ S ^ <id (67) o^EI M^iXI^Ei (64) . ^(81), M§HXI^Ei(72 a 
76 )g S6HAH 2^ ^]Ai(80)^ liQ. 



8-3 



§ DW m g] s 200 1-0034057 



E 10)1 AH AH 2!3S! b[2t SOI, d|S 2f?(|b) §J :>|g HIS ail(lr)fe M(41)0|| Hgg 6} EH Oil OJEf 

sea. an d!AH(8o)fe oiae awdb s ir)» 2121 asnvi a v2)es a&sns, 01 asj(vi si 

V2)§ UIj2?I(83)0II agSiP. dl33|(83)i= B»(84)0II «^ S8KVout)S »l38 r 3l 9I8HAH 

aa(vi)3f a&(v2)s bin&a. *&* e»(84)fc s»a ai^hjoiiah choieh a±(E 4011 

□IEAI)OII £2aP. 

XPI OHEEI SOII £EHS 3|§|5|3| ^ISHAH , PXIS an * d|S *)=|!= PXISa 9fe! 315 dISaOII 2J 
CI XI S a = <v H| e 3 = ^ 2|2| XI31IS £B£A|3ID1, lig XI31li= ^OIIAH £EHM B3AI9I3I 

oil gss}a. a«a » 311 21 grgfg son usi £ehb aisa. aiudoi. on* le £ehs 3ii=8i 

3| 9I6HAH ga§ CD), PXISa a§!3|(49)fe PXISa(43)S tf£AI3|3| 9ISH Mgh JI^EH (47)M 312, 
d| S a a§!3|(66)fe: 315 dlSa(45)S tt£A|9|3| 9I8H Se!X|^a(85)S 2P. S?!!X|^a(56, 64. 
76 SJ 78)fe (41)011 HW3I SSfei 2§ S 118^1 9I3HAH 2¥ JISO. SeSXI^a(85)« 31 fe 3JS 
dIS 2#3F an ±4:(68)S¥a S>I5 d|Sa(45) §J Sail^E|(85)B S8HAH 2# £3(sink)(90)S 

<5S3ii ea. his a nj= xi3ii g gyoii 3ioierP. pxisa a§i3i(49)fe pxisa(43)s m 

3H DIXIE a = B s oiLIBI M (41)011 USSfe g EH Oil IB a an S§I a9fiCf. PUS an 

t £31 w 3ii °i se am m&m £S£8h=qi xissrp. 

feel "0"O| M(41)0|| 3ISS OH, PXISa aS|3|(49)fc Se«XI>:a(50 St 53)fer 313, ^§1X1^9(51 
g 52)fe 2CH, 0|S ojsD q X|M an(ldP1 a^a(87)ES¥EH SgHXI^a(50 m 47) Qx|Ecj(43) 
a SgHX|:±:a(53)§ SoHAH §1^(88)25 SSP. PXIS 2 = (|d)i= XI 311 3 1 g (41) Oil AH "g 

8" £EHB OI¥31l SO, 3CHS. tea "1"0| M(41)0H XH§§! DH . Se«Xl^a(51 SI 52)te 31X12, S 
SiXI^EH(50 S! 53)te W2P. 3 aaf, PXIS a#(ld)3| PX|e<M(43)0|| fllggcM 2<M<M(89)°£¥ 
EH M§HXI>:EI(52), PX|e < y(43) a! MSiXI^EH(47 S 51)» S6HAH SSa(87)°S SgP. OI£H& P 

xim a#fe a era xi:>o m(4Doiiah ■ena 1 ^ehm tisshs^ xis&p. 

E 5S SE OB &m°) MRAM 5l^(5)3J EAISP. MRAM SIS(5)fe, bl = <a(91 SI 92)^ 

bl — 2 «a|3|(93)» X1I2J8IS S £(4) 2} §^8IP. MRAM Sl^(5)^h Sg blMd§S&Sh3| CHS Oil, CH 
?5}o g §u g MRAM P^OI^M gfeP. £ 42f #gJ& S3E SsM S>b E 52J 

?s§ e 4°i shs a^£f ss8fp. mmm sis ^soii cusi ggg ^§rsispi ?ish aafaa. 

£ 42| MgHxi^ EH (75)011 SH&Slfe e?HXI^EH(94 a 95)21 ±± S^g d|Eti(91)0B S3HI SSS 

p. saxi^a(96)3i disaoDs x\m Em ^aksojoh sssi^ yaoii sgHxi^a(97)s ssh 
ah disa(92)g xim aw ai ah (sojchi aiea. disa a^3i(93)fe dis a= gu }|^ bis a 

#« «|gS|3| ?|oHAH SSHX|^P(98 LH XI 101) W SlUf a^thP. 

Olieai S(41)» E^SIfe §2* Oil AH, o)| S SS his^ ^§{^1(66 a 93)fe S&!XI^P(76, 96 S 98) S 
3P. eAIOH ?-IEa a^3|(59)fe 91 Ea asS Sax|^E1(94)0|| HISoh2, ySOH 315 8 si a XII 

oi(74)fe 315 a si a tisi §i xi ±& (72)011 ageo. se«xi^a(98, 94 a 96)g 3i^ si# 

S(82)S UPy bIS a#(lb)31 a^a(67)ES¥P S|HXI^a(98), «(41). SgHX|>iEH(94), 
dlSa(91) a S€«Xl^a(96)M SSH AH xl§ a# d!AH(80)S SS3II ffQ. 3£|2 SS ^MS(81)S 
U9U 3I5 dIS a#(lr)fe 3I5 tf(70)0ll HISaCH. S|HX|^EH(72 S 76)« SSH AH a# ^AH(80)S 

sgo. 

s^ah eisth dm soi, x\m aw d!AH(so)fe a#(ib a 10s s¥ i^xisii. 401 aws ^ 
a&(vi a V2)»s a&&p. dim3i(83)j=, xi3i m(41)oii xh§@ xpi ^ eh oil shssi^ 

asi(Vout)» S§H BXK84)0|| XHIgSf^l 91 SHAH a^(V1)a aa(V2)S d|H&P. 

PgES, OIISEI ^(42)0IIAH ^EHS E^SPI ¥I8HAH, Sg!!XI^EH(99 , 95 g 96)31 31X101, OIS 2J8H 

dis a#fe a^a(67)£svp seiixi^p(99), a (42). se«xi>ia(95). disaoi) a seaxi 

^Ei(96)« SSH AH aW £!AH(80)S SEP. d|Sa(91)g tf(41) "Sf OILia 4II(42)S a XI 

SlfeQIE Alg@P. UOPK X|3| OIIS SI fi!(102 % 103)g flEff- a^a(67)ES¥P S# ^!!Ai(80)S 
dIS aii HISSI3I 9I5HAH dlSa(91)S OlgShP. 

DUE El S(41)0H ^EHM XHS8I3I ?loHAH, OHS S3 disa aej3|(66)fe 315 d|Sa(45)0ll §e8|3| 
91 SHAH S§HXI^a(85)» 3101, 0I2S aW 4:^(68)31 315 d|Sa(45) ^2) bIS aW 
£3(90)011 «IS8I3)| &P. U0I3I, PXISa as!3|(49)fe PX|Sa(43) £011 PXIS SWI HIS81E 
^ SSH XI ^EH (47 . 50 LH XI 53) S HlOIShP. Oia© B31lfe E 4011 EAI& S1S(4)0II CH8H S^AH 31 ^ 
bisf HP SHOIP. 

cfaAH, AHS2 3Haa mram atito\±i\ mmm 3haisichxioi, oi ahs2 3Haa mram awoi^fc ssi 

a(row line) £011 315 OHEa OiaiOIB S&&P. 315 Oil E El 013101^ XI3I DUE El m°i £0)^21 
33 » St2| aSS ££Sf3 a HI3i8l01. OI5Jg §£ B= 3|^(steady reading function). 3^ » 



d^^<3/gJV^^ 

a d lg o| ag ^A|0H3r EA|E|3. ggflfe §21, ^3f»2J 3HaOI S3W0II3II ttflttt 5! 01 

P. S ^S§? EAIS! s§ gEHS XHtrSIXI Sf2, §?@ S^SfS S gfgSI S9I0II 5101PXI 

Sffe SSSI OlSHSHOt g 20IP. 

(57) g?2l &¥l 

m=?» i 

X13I gJS) §5 OH SEI (magnetic random access memory)OII SICHAH, 
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XII 1 ED\ 3££ ^(conductive line)a, 

M 1 S3I 2££ d0|| 2^9 XPI aisai ^(magnetic memory cell)£/H, #D\ HD\ Oil 2 

a fi!0|| USS »» ^(magnetization vectors)*] SSOII ED a SOI XPI H 8(magnet ic resistance) 

a 514: xpixm AhoicHi ah ^?is6^ xpixhss x\d\ oiiea ^, 

XII 2 S3I da, 

4PI XII 2 231 22£ da 31^ XPI HIS a ^SAH, M20II 1§9 XPIMSS 

^i^ ip i us a m, » 

6Pi d\s xid\ chisbi tfoii as fi^s/d. &oi 3is x\d\ on 2 a aia a^| X pi 

B ^SXISt S XI »( total resistance)© &OI XPIXISa £lQi XPIXHS AhOIOII AH ^§£1 

= . us 5§6fb, xpi gjsj 0112a. 
a^p» 2 

DilSa OjS||0l(array)2f J\S 0112a CHai0|« SSShfe XPI 8JS| §5 DilSa CI OhOI >^(devi ce)^AH , 
6PI DilS a CH Ell 01 S^l^o^ S£AHg £Fi= Lf^^J Hi EAj(bit linesja, 

2* 2* £:>|*<2^ ^hXI 04 , &D\ d|M£!0|| ^*!2^ ^jxl 6fb Q^2\ Dl XI Md (dig! t lines)a, 

2f2t Ah^| q^o] bieAjnf Ah^| d^oj ciXIMd^l *i HXtSOII flxISKM, ^31 tilMdOII S^isjos 

ci^hj xp i 0112a *im ssohjj, 

£>0| Dim 0112 a CHBIIOI^ *j:>|*<2^ 22£°] Pi^da. 
2J2I- 2 213 2^ 32£M C^2| 3|g HIMda, 

^ aoj 2|2|oj Dim Hi^Ajoji S3i*!©s 2^9^ o^2\ Dim x[j\ oiiea gi, 

^ 2|g XPI Oil Ha *J0il *PI^°.^ £§E|Q1, 6PI 3|^Aj0i| £:>|*jo^ E^EJfe Q^oj 

xia s^s st^offe, hd\ ssi one a citttoi^. 
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